A STUDY of the functions of the higlher parts of the central nervous systeiii is 0f supreme interest and importance to all concerned in the practice of aneestlhesia, and yet in spite of much anatomical, histological, and exlerimental researclh, thlere is very little physiological evidence to guide us to explanations of function. It was on this account that I decided to bring before this Section a theory, originally plropounde(d before the Oldham Medical Society in 1915, which appeared to provide a foundation for thie interpretation of some of these l)henomena. Whilst it presents many difficulties, its value as a working basis in the investigation of hypnotic and suggestion phenomena, and the independent confirmiation it has received from Professor Pawlow's work on conditioned reflexes in animals, encourage me to bring it to your notice in the lhope of stimulating further communications.
conditioned reflexes in animals, encourage me to bring it to your notice in the lhope of stimulating further communications.
I know of no subjects so mucCh mistrusted, not only by the general public, but also by the majority of the medical profession, as those of hypnosis and suggestion, although they are extensively, if unconsciously, practised by the latter; this, no doubt, is explained by the fact that accurate scientific data in regard to thlem have not previously been clearly given. It will be my endeavour to show that the p)henomena of lhypnosis and suggestion are capable of as clear and scientific an exl)lanation as are the physiological workings of the various organs of the body, an(d with the al)preciation of such data this atmosphere of inystery and scepticism must vanish.
My observations are entirely the result of l)ersonal experience based upon modern knowledge of the physiology of the nervous system. Many years ago I witnessed a remarkable demonstration which was saidl to depend upon hypnosis; I returned from it, pondering: had I witnessed a genuine l)henomiienon, or had I been hoaxed? T finally concluded that wvhat one man could do, anotlher could repeat, particularly a medical man, who, by virtue of his anatomical and physiological knowledge, l)ossessed an insuperable advantage over the layman. My early experiments were apparently failures, and I was tempted to believe that I did not possess the magnetic or vital force, or whatever was necessary to produce these l)henomena. Yet, looking back I now realize that I did not really fail, but rather that I was expecting too mluch; this no doubt explains how it is that many investigators abandon the subject at the very outset, wh1o would never try, say, to play a difficult piece of music without devoting endless lhours to the practice of scales. No mysterious or vital force is necessary, but knowledge and perseverance; granted these, the various effects about to be demonstrated are attainable by any one.
The particular theory which I wish to bring forward is that the various phenomllena of hypnosis and suggestion are reflex actions conditioned reflexes (Pawlow) taking place in the subconscious layers of the brain, the existence and mode of action of which I hope shortly to demonstrate to you. To this end, a short consideration of reflex action is necessary and desirable. Physiologists now classify reflexes as unconditioned and conditioned reflexes. Unconditioned reflexes are those in which tbe reflex response is fixed and unvaried, and independent, or practically so, of conscious intervention or surrounding conditions. It is a legacy to the individual from past MH-A 1 Febrtlary 4, 1927.
generations. The pupillary reflex, the corneal reflex, the knee-jerk and various visceral reflexes are examples. Conditioned reflexes are those in which the experimenter has something to say as to what will happen. They are really acquired reflexes dependent on the surroundings or developed from the conscious efforts of the individual. They have been especially investigated by Professor Pawlow. Most of his investigations were made on the reflex secretion of saliva in dogs. A sound of a definite vibration frequency was used as a conditioned stimulus. After several repetitions of the sound in conjunction with feeding, the conditioned stimulus produced a secretion of saliva even if no food were forthcoming, but a sound of a different vibration frequency was entirely ineffective. Or instead of a musical note an electrical stimulus may be applied to one paw. After a time this produces salivary secretion and the dog exhibits no discomfort, but if the same shock is applied to another paw there is no secretion of saliva and the limb is withdrawn from the irritant. Another way of studying conditioned reflexes is to have two exactly similar kennels, one containing meat, whilst in the other an electric shock is arranged. The dog goes UI) to both kennels but there is nothing to guide him as to which he should enter. If he is lucky he enters the food kennel and stays there; if he enters the other kennel he receives a shock and promptly withdraws. In repeating this test a blue disc is l)laced over one kennel and a red disc over the other, and these are changed about concurrently withl the food and electric shock. After a time the dog with unerring accuracy walks into the food kennel. He does not gaze at either disc.
He has no conscious knoyledge of it, but if there is a red disc above tlle food kennel, that red spot is photographed on the dog's retina as an image and this is transmitted to the subconscious brain. The dog instinctively enters the right kennel but is entirely unconscious as to why he does so.
An unconditioned reflex may be transformed into a conditioned reflex. Thus a tap on the ligamentum patellwc l)roduces the knee-jerk, which is an unconditioned reflex, but if whenever the tendon is tapped, a flash of light is directed into the eye, after a time the knee-jerk occurs in response to the visual stimulus alone. Now, the manifestations of the cerebral reflex actions of hypnosis and suggestion are complicated by the presence of the volitional layer in the brain, and if the action of this layer be eliminated, it will be found that the cerebral reflexes obey exactly the same laws as those which govern the more clearly understood spinal reflexes.
Yet, even in the case of the spinal reflexes, the volitional layer of the brain presents difficulties., As an instance of this, one may cite the various methods brought forward by physicians for eliciting the knee-jerk. The phenomenon is known as reinforcement of the knee-jerk, and may be variously demonstrated. The patient is told to grip the hands tightly, or to look at the ceiling, or to read aloud from a book whilst the tendon is tapped. All the methods act by distracting the conscious attention of the patient from the reaction. Physiologists also recognize the disturbing influence of the conscious brain on reflex action, and therefore experiment on animals whose mid-brain stems or upper spinal cords have been divided so as to exclude all cerebral influence. The principles underlying the reflex actions of the mammalian cord have been largely worked out by Professor Sherrington, who experimented on dogs in which the spinal cord had been transected in the lower region. One reflex he particularly investigated was the " scratch reflex."
If such a dog be stimulated in the saddle area on one side or the other, the bind leg of the same side performs the scratch reflex. What will happen if both sides be stimulated at once ? Will both hind limbs move, or only one, or neither ? Sherrington tested this and found that only one hinid lim1lb mov0ed. From this he deduced that great fundamental "principle'of the commonth " which is of vital importance in explaining all reflex actions. He pointed o-ut 'hat whilst there are numerous channels along which impulses can pass in the central nervous system, yet for any particular reaction there is a "final common path " which can be occupied by only one impulse at a time. F'urther, he worked out the laws controlling the occul)ation of the final common path; these may be briefly stated as follows:-
(1) If two impulses try to gain entrance, the first arrival secures possession of the common path.
(2) If the two impulses arrive simultaneously, the stronger gains the path.
(3) Even if the path be already occupied, a second impulse can displace the first after an interval, unless the first be reinforced.
These are the chief factors controlling the occupation of the common path, and they are of extreme importance for the proper appreciation of the following observations on the workings of the cerebral reflex centres.
We have dealt with conditioned reflexes and with some of the main principles of reflex action. We have still to consider the question of the subconscious brain.
The grey matter of the human brain has been variously described by observers as consisting of five, seven, or even eleven layers, but for practical purposes the layers can be reduced to five. The topmost, the molecular layer, is largely composed of nerve fibres and neuroglia, is mainly concerned in conduction, and will be neglected in the present discussion.
The same is true of the fourth layer or inner line of Baillarger, which forms a well-marked band of nerve-fibres. The grey matter of the cortex mav be regarded as consisting of three layers of nerve-cells, an outer or pyramidal layer, a middle or granular layer, and an inner or polymorphic layer. For convenience of reference these three layers will be referred to as the supra-granular, granular, and infragranular layers respectively.
Our knowledge of localization of cerebral function dates back to 1870, whlen Hitzig and Fritsch demonstrated the excitability of the cerebral cortex of the dog, and a year or two later their work was greatly extended by Ferrier. This line of research reached its culmination in 1903, when Sherrington and Griinbaum discriminated between the functions of the pre-and post-central convolutions of the monkey's brain. Since then great progress has been made in localization of cerebral function by the histological method. For this advance we are largely indebted to the independent researches of Campbell and Brodmann, and to the writings of John Shaw Bolton. As a result of their work it would appear that there is localization in depth as well as on the surface, and deductions may be drawn as to the function of these three layers. I will briefly indicate the lines along which this knowledge lhas developed. These three layers of nerve-cells vary in thickness in different animals; they exhibit alterations in depth at different periods of life; they slhow mnodifications in different parts of the same brain, and manifest certain variations in cases of miental disease. Taking each layer in turn, the deductions arrived at may be shortly summarized.
The infra-granular layer is present throughout the mammalia. It is just as well developed in the lower mammals as in the human subject. In the six-months' fcetus it is three-quarters, at birth four-fifths, of its depth as in the adult. It is present all over the surface of the brain, and shows no change in the ordinary forms of mental disorder, but in the grosser forms of mental disease when man sinks lower tlian an animal and ceases to pay attention to the ordinary bodily functions and to cleanliness, the infra-granular layer shows signs of degeneration. Its functions are to subserve the lower or instinctive animal activities which are as well developed in the lower inammals as in ourselves. The infra-granular layer is the instinctive layer of the brain. Passing on t. the granular layer, we find that in a six months' foetus it is one-half, at birth three-quarters, as well developed as in the adult. It is welldeveloped in the higher carnivora and primates. It is present all over the brain but attains its greatest development in the occipital region, which we know to be associated with vision. In this situation it is subdivided into two parts by an additional layer of fibres known as the stria of Gennari. In cases of congenital optic atrophy it is greatly reduced in thickness, and in long-standing cases of complete blindness it exhibits evidences of degeneration. Its functions are to subserve the reception and transformation of sensory impressions, whether from lower sensory neurons or from other parts of the brain. It is the artistic layer of the brain and the seat of music, mathematics and subconscious memory. It explains thie precocity of mathematical and musical genius, since the granular layer upon which these faculties depend is almost fully developed in the 'teens. Subconscious memory is perfect, it is only the intrusion of consciousness that causes its apparent limitations. If a printed sheet is held for a moment before our eyes, we probably notice consciously only a few words. But every single word of it is photographed upon our retina and a record of it stored up in the subconscious brain and is recoverable if proper means of tapping the subconscious brain be utilized. Every single message received by the brain is unconsciously docketed by it. (A demonstration of this was given on a subject, in hypnosis under which condition facts of early life entirely unknown to the conscious individual were elicited.) Abstruse imiemory is always more perfect in early life than later, for the infra-granular and granular layers are very well developed, while the inhibitory or supra-granular layer is comparatively immature and interferes little with these reactions.
The supra-granular layer is practically absent in the lowest maminals. It grows progressively thicker the higher one ascends the mammalian scale and attains its maximum thickness in man, in whom it becomes thicker than all the other layers put together. In the six months' fcetus it is about one-quarter, at birth it is one-third, as deep) as in the adult. It attains its maximum development in the pre-frontal region of the human brain, which we know from other evidence to be associated with intelligence and reason. It is under-developed in cases of congenital mental deficiency and shows retrogressive changes in the ordinary forms of mental disorder. Its functions are to subserve the higher psychical or associational functions of the brain, which constitute intelligence and reason. The supra-granular layer represents the intelligence layer of the human brain.
To recapitulate: the grey matter of the surface of the human brain consists of three layers of nerve cells, namely, the infra-granular or instinctive layer, the granular or artistic layer and the supra-granular or intelligence layer.
The supra-granular layer constitutes the conscious brain and is governed by certain definite laws, viz., the laws of argument and reason, and nothing else. The granular and infra-granular layers together constitute the subconscious brain and are not amenable to the laws of argument and reason, but obey the laws of reflex action as enunciated by Sherrington.
It is a lack of appreciation of these facts which has led to so much confusionon this subject. People constantly try to interpret the reactions of the subconscious brain by the laws of argument and reason, which are applicable only to the conscious brain. Sufferers from functional nerve ailments cannot understand why they are unable to overcome their disability. They say that they have plenty of determination and yet it seems of no avail.
Determination is of value only when combined with knowledge of the laws by imeans of which it may be applied to the management and control of subconscious reactions. Whilst the conscious brain is amenable to the laws of argument and reason, the subconscious brain is subject to the laws of the " common path." If it is possible to secure non-interference or inhibition of the conscious brain, the subconscious layers blindly accept any statement made to them. If you say to a subject [5] [6] in this condition " Your arm is stiff " the arm becomes stiff, because the conscious brain being teml)orarily out of action, the subconscious brain blindly accepts the statement. (This was demonstrated in a lightly hypnotized subject.)
The whole difficulty in investigating the phenomena of hypnosis and suggestion lies in the fact that there is apt to be continual interference by the conscious brain.
As hias already been p)ointed out, the physician meets this difficulty even in such a simple reflex as the knee-jerk, and the physiologist, in order to get constant results, has to exclude this inhibitory layer by division of the mid-brain or cervical cord. It is clear, tlhen, that great difficulties have to be faced when one attempts to obtain these cerebral reflexes in the intact human subject. Human nature is essentially curious, and the moment an experiment is attempted the subject desires to see what is hap)pening and so tends to bring into action the very layer one is trying to exclude.
There is, however, one factor in our favour; that is, the capacity of the human brain of understanding speech both consciously and subconsciously. For this reason the reactions can immediately be obtained, lprovided the conscious layer is excluded from action. The centres involved at once appreciate the nature of the stimulus, whereas in the case of animals many repetitions are necessary before the subconscious centres al)p)reciate its significance.
Different degrees of suggestion, lhypnosis, and hypnotic sleep are distinguished, according to the extent to wihich non-interference or inhibition of the conscious cerebral centres is lproduced. Pawlow's work on dogs affords striking confirmation of this. He observed that if the conditioned stimulus be used alone (i.e., without the unconditioned one) after a few rel)etitions the dog grows drowsy and falls asleep and has to be forcibly awakened to take food. Inhibition is partial sleep. True slee) is a diffuse and continuous inhibition of the hemisphere. The movement of the inhibitory process is slow, and varies widely in different tyl)es.
Before discussing the actual methods by which inhibition of the conscious brain may be brought about, I should like to draw attention to a medullary reflex which in many ways represents an intermediate stage between the sl)inal and cerebral reflexes. Take some snuff or pepper in the palm of the hand and invite anyone to have a good sniff at it. As lhe does so, say emp)hatically "You cannot sneeze," and he cannot.
(This experiment was then demonstrated.) Sneezing is a reflex act, ordinarily initiated by the irritation of the snuff on the nasal mucous mnelnbrane. The message "to sneeze " passes along the fifth cranial nerve to the medulla and thence along the nerves to the various muscles concerned in the act of sneezing. But before this message gets to the effector organ the message "You cannot sneeze" has been sent along, the auditory nerve and gains prior possession of the final common path, l)roducing inhibition of the reflex. This experiment never fails if one observes Sherrington's laws in the giving of the inhibitory suggestion, viz.-to make the statement early, emphatically, and to repeat it if any suspicion of a sneeze threatens. We have now to consider in what ways inhibition of the conscious brain may be produced so as to secure an uncomplicated demonstration of the cerebral reflexes constituting the phenomena of hypnosis and suggestion. These methods may be summarized as: (1) Psychological methods may be rapid or gradual, and consist in taking advantage of temporary distraction of the conscious brain to secure possession of the final common path. The rapid method varies considerably in its immediate success with the type of individual, and also as to whether the habit of inhibition has been previously developed. The gradual method is more certain, and consists in monotonous repetition, as in the case of Pawlow's conditioned stimulus. With patience, success is attainable with practically any subject, and when this is once establisleied the rapid method may be employed.
(2) The study of conditioned reflexes affords a method of the utmost value for the investigation of the action of drugs on the brain, and it is possible that increased pharmacological knowledge will result in the discovery of drugs which will accurately l)roduce the suggestible state without the experience and patience necessary for success by psychological methods. Up to now the drug which promises the greatest assistance in this respect is caffeine. This drug augments all conditioned reflexes, and at the same time diminishes the inhibitory processes. The effect develops in about half an hour and lasts for about a day. I have tried this drug recently in one or two intractable cases, where ordinary suggestion appeared ineffective, and was well pleased with the result. I use the pure caffeine in doses of 2 gr. given in tea or coffee, and rel)eat the dose in three or four hours if necessary. A special virtue of the prolonged effect of the drug is that it enables the lpatient to develop auto-suggestion and gradually re-assume control over his own disability. It might conceivably be used for purposes of pre-medication in anvestliesia, but I have not yet used it for this purpose.
(3) By means of nitrous oxidle and air, or oxygen, a perfectly suggestible state may be produced without loss of consciousness. My own experiments conducted upon myself and my assistants seem to show that the activity of the conscious brain is diminished not by actual lack of oxygen, but by a very gradual process of oxygen limitation. The most highly evolved nerve-cells are more sensitive to the reduction of oxygen than the subconscious centres, and are temporarily put out of action, with the result that perfect suggestion phenomena are easily attainable. This stage occurs during the administration of all general anesthetics, and the experienced anaesthetist takes advantage of it for the perfect control of his patient during the induction stage of anaesthesia. I have used these mixtures in functional nerve cases where every method of suggestion and psycho-analysis has proved unavailing. WVith mixtures of these gases striking results were obtained and cures established after six to eight sittings. Up to date these cures are still maintained, though no further treatment has been given for two or three years. Time does not permit of a full discussion of the sub-oxidation theory, but there is one simple experiment which can be performed on oneself with a McKesson machine, which at once brings out the fact that it is not the actual percentage of nitrous oxide which produces these effects, but the way in which this gas enables one gradually to reduce the supply of oxygen to the tissues without actually precipitating asphyxia.
I breafhe a mixture of nitrous oxide and air until a perfectly suggestible stage with complete analgesia is produced, whilst consciousness still persists. This mixture varies in different people, but in my own case is about 60 per cent. nitrous oxide, 40 per cent. air, that is, 8 per cent. oxygen. If I now switch the lever over to 80 per cent. nitrous oxide and 20 per cent. pure oxygen, the suggestible stage vanishes and I feel pain when the needle is inserted. If the oxygen be then reduced to about 8 per cent. the suggestible stage returns. * There is much miore stability in one's sensations when air is used, for the nitrogen acts as a diluent and buffer and guards against sudden changes in oxygen supply. In other words it increases five times tlle delicacy of the machine in supplying oxygen.
[A demonstration was then given showing the effects of suggestion and hypnosis both by psychological methods and by mixtures of nitrous oxide and air and oxygen.
All degrees of hypnosis and suggestion by psychological methods were shown. Limbs were made stiff, wrist-drop produced and explained, and shell-shock paralyses similarly interpreted. Instantaneous yawning, and recollection of lost memories, were explained. Anwesthesia and hyperesthesia were produced and put to practical test by members of the audience. Visual hallucinations and ghosts were produced and Section of Anacsthetics 21 explained. Two or three subjects were sent into deep sleep by suggestion and continued to snore, oblivious of their surroundings.
Post-hypnotic suggestions were illustrated and explained. Suggestion phenomena by nitrous oxide mixtures were demonstrated. Lantern slides were also shown demonstrating the effects of suggestion upon some of the physical functions of the body. By means of polygraph tracings variations in the pulse rate were shown. Accelerations of 25 beats per minute were easily produced, and rapidly returned to normal when retardation was suggested. It did not seem feasible materially to retard a pulse of originally normal rate. The effect of the hearing of different musical pieces on the pulse rate was illustrated, as also the striking acceleration produced by hypnotic hallucinations of pre-historic reptiles.
Charts of salivary secretion were also shown, illustrating the variations of secretion by suggestion during hynoptic sleep. Normal secretion was first collected. Increase was then suggested and the secretion practically doubled. Inhibition was then suggested and the secretion dwindled almost to nothing. To make sure that this was not due to exhaustion of the gland, return to normal was then suggested and promptly occurred.]
